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ABSTRACT

New soybean epoxy resin with phenoxy and glycidyl ether groups (SEPG)
was prepared from the renewabl e source soybean oil. The SEPG was char-
acterized by spectral and titration methods. The prepared SEPG wasblended
with commercia epoxy resin in different ratios and cured at 85°C for 3h,
150°C for 1h and post cured at 225°C for 2h using m-phenylene diamine
(MPDA) ascuring agent. The epoxy/SEPG/MPDA with different compo-
sitions cured in the temperature range of 120 -153°C asrevealed by DSC
studies. Composite|laminateswere fabricated using epoxy/SEPG/MPDA -
glassfibre at different compositions. The tensile strength(280-310MPa),
tenslemodulus(3.1-3.4 GPa), flexura strength(365-395M Pa), flexural modu-
lus(7.3-8.0 GPa) and impact strength (33.9-36.1J/cm) were studied. The
interlaminar fracture toughness(G, .) valuesincreased from 0.6953 K J/nv?
for neat epoxy resinto 0.8423 K Jm?for themodified epoxy resininthe 20%
SEPG. Thermo gravimetric studiesreveal that thermal stability of the neat
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epoxy resin was decreased by incorporation of SEPG.
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INTRODUCTION

Polymers prepared from renewable and in expen-
sive natural resources, such ascarbohydrates, starch,
proteins, fatsand oils, have becomeincreasingly inter-
esting because of their low cogt, ready availability and
possible biodegradability™3. Thevarioussourcesof oils
and fats are animals (tallow, lard) and vegetables
(soyabean ail, pam ail, rapseed oil). Oilsand fatsare
triglyceride estersof higher fatty acidswhich contain
two reactivesitesoneisthedoublebond in unsaturated
fatty acid chain, another istheester group. Now adays
maximum high performance polymer researchisgoing
onin oleochemical method.

Higher theiodinevaueof thevegetableail, themore
advantageousfor polymer synthesis soybean oil, sun-
flower ail, safflower oil and linseed il havehighiodine
vauebut cultivation and availability of soybean il is
more compared to other vegetable oils. Epoxidised
vegetableoilsshow excellent promiseasinexpensive,
renewablemateria for industria gpplications. Soybean
oil isadoublebond containingtriglyceride. Thesedouble
bonds may al so be converted into the oxirane moiety
by reaction with peracids or peroxides. Epoxidised
soybean oil isused mainly asplastisizer for PV C chlo-
rinated rubber and polyvinyl emulsiontoimprove sta-
bility andflexibility.

The goal of the present research isthe develop-
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ment of inexpensive but highly reactive soy based ep-
oxy resin namely soybean epoxy resin with phenoxy
and glycidyl ether from unsaturated soybean oil. We
expect that thissoy based epoxy resnwill possesshigher
reactivity and therefore provide denser intermolecular
crosslinking and yield material sthat are stronger than
those obtai ned from commercidly available unmodi-
fied epoxidised soybean oil (ESBO). Usingahigh con-
tent of asoyate co resinwill createaninexpensive but
gtill high performancefibrereinforced composite mate-
rial from renewabl e resources. In this present work,
soybean epoxy resin with phenoxy and glycidyl ether
groups was prepared and blended with commercial
epoxy resin and the effects of theloading level onthe
mechanica and thermal propertiesof composteswere
evaluated.

EXPERIMENTAL

Materials

Soybean oil was procured from Ruchi oil indus-
tries, India, m-chloroperbenzoicacid and fluoboric acid
were purchased from E-MERCK, India. Phenol, iso-
propanol, chloroform, ethylacetate, epichlorohydrinand
acetone, were purchased from SRL, India. Commer-
cial epoxy resin (diglyicidyl ether of bisphenol A) of
epoxideequivaent weight 180, used inthisstudy was
procured from Huntsman, India m-Phenylenediamine
wasobtained from Lobachemica, India All thechemi-
caswereused aspurchased. Plain-woven glassfibres
with an aerial density of 200g/m? were obtained from
Saint GobainIndia

Synthesis of phenoxy soybean polyol

The epoxidised soybean oil (ESBO) was prepared
by adopting already reported procedure™. Phenoxy
soybean polyol was prepared from the ESBO.
Phenol (100g, 1.06 mal), isopropyl a chol (100ml) and
catalytic amount of fluoroboric acidweremixedina
500 ml RB flask equipped with athermometer, adrop-
ping funnel and amagnetic stirrer. ESBO(50g, 0.052
mol) was added dropwiseto the mixtureover aperiod
of 30 min. Thismixturewas heated to 60°C and main-
tained at thistemperaturefor aperiod of 5 h. Thereac-
tion was then quenched by adding NH, solution and
excess phenol wasremoved by washingwith 5% NaOH
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solution. The product was extracted with chloroform
and dried with sodium sulphate. IR(KBr) vem*:
3413(0-H), 2853(CH,), 1144(0O-C-C), 723(CH,),
1241(C-0-C), 1465(C=C); *H NMR(TMS) dppm:
7.2(m, 25 H, phenyl), 5.3(quintet, 1H, CH), 4.15-
4.25(d, 4H, CH,), 2.35-2.45(t, 6H, CH,), 1.15-
1.48(54H, CH,).

Synthesis of soybean epoxy resin with phenoxy
and glycidyl ether

Phenoxy soybean polyol (50g, (0.037 mol) was
mixed with of epichlorohydrin (100g, 1.09mol) ina
500ml RB flask equipped with athermometer, adrop-
ping funnel and amagnetic stirrer, 40ml of 30% ague-
ous NaOH(12g in 40 ml)was added dropwiseto the
mixture. After the completion of addition, themixture
wasstirred for 16h at 70°C. The excess epichlorohy-
drin wasremoved using rotary evaporator. Tothere-
action mixture methyl ethyl ketone and water were
added, shaken well when two layerswere obtained.
The organic layer was separated and washed several
timeswithwater. The solventswereremoved by vacuum
distillation and aliquid resin was obtained. IR(KBr)
vemt: 1240 (assym,C-O-Ph), 1074(sym, C-O-Ph),
1169 (C-0O-C), 853(oxiranering), 1739(C=0), 723
(CH,), 1241(C-0-C), 1465(C=C); '"H NMR (TMYS)
dppm: 7.2(m, 25H, phenyl), 5.3 (quintet, 1H, CH),
4.15-4.25(d, 4H, CH,), 2.35-2.45(t, 6H, CH,), 0.9(t,
9H, CH,),1.15-1.48 (54H, CH,)

Preparation of glass fiber reinforced composite
laminates

Thelaminated compositeswerefabricated from E
glassfibre (wovenfabric-planweave-biaxid) havinga
density of 200 gsm and epoxy resin/SEPG by hand
layup technique.Theliquid epoxy resnwastakenina
beaker, heated to 85°C, to lower itsviscosity and the
desired amount of SEPG was added totheresin. The
SEPG was varied between 0,5,10,15 and 20% by

TABLE 1: Blend formulation
Commercial epoxy m-phenylene diamine

resin (g) SEPG (9) @
100 - 15
95 5 15
90 10 15
85 15 15
80 20 15
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weight of commercia epoxy resnasgivenintheTABLE
1.The mixturewas degassed in vacuum, MPDA was
then added (15% by weight of epoxy resin) and stirred
for 5min at 85°C.

M easur ements

lodine value of soybean oil was found by wij’s
method, hydroxyl va ue of phenoxy soybean polyol was
measured by acetylation method. Epoxy content of
SEPG was measured by pyridinium chloridemethod®.

The FT-IR spectra were recorded on a Perkin
Elmer FT-IR spectrometer mode RX 1. *H NMR spec-
trawas obtained on aAM X-400 NM R spectrometer
a 400MHz. Molecular weight datawereobtained from
PL-GPC 50 using THF solvent. Complex viscogty data
of the ESBO and SEPG were obtained fromAR 2000
controlled stressrheometer. Thermogravimetric data
wereobtained ona(TA instruments, SDT Q 600 model)
inflowing nitrogen at aheating rate of 20°C/min. The
cure characteristicsof neat resin and blendswere stud-
iedusing DSC (TA instruments, Q10 moddl, USA) in
thetemperature range between 50 and 250°C at aheat-
ing rate of 10°C per minuteinair. Theglasstransition
temperatures of the compositelaminateswere evalu-
ated by DMA, NETZSCH DMA 242. Thetensileand
flexurd propertieswereevduated asper ASTM D 3039
andASTM D 790 respectively by usng Hounsfid d(UK)
H50K S screw-drivenuniversd testing maching(UTM).
Thelzodimpact strength was measured according to
ASTM D 256-00. Thedoublecantilever beam(DCB)
test method was used for determining the G, fracture
toughness, accordingto theASTM D 5528 using uni-
versd testing machine.

RESULTSAND DISCUSSION

The new type of phenoxy soypolyol was synthe-
sized from epoxidised soybean oil (ESBO) and it was
further treated with epichlorohydrin to produceanovel
soybean epoxy resin with phenoxy and glycidyl ether.
ESBO wasprepared from soybean oil by already re-
ported procedure®. lodinevalue of thesoybeanail is
118 asmeasured by titration method. Hydroxyl value
of the phenoxy soybean polyol is 199mg KOH/g as
found by acetylation method. Epoxideequivaent weight
of soybean epoxy resnwith phenoxy and glycidyl ether
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Figure2: *H- NM R spectrum of phenoxy soybean polyol
is310. Molecular weight of the synthesized polyol and
SEPG is1350 and 1500 respectively.

Spectral properties

The structure of the prepared phenoxy soybean
polyol and soybean epoxy resin with phenoxy and
glycidyl ether was confirmed by FT-IR and NMR tech-
niques. The FT-IR spectrum (Figure 1) of phenoxy soy-
bean polyol shows a band at 3413cm™ due to OH
stretching vibration. Theabsence of band at 1652cm?
confirmstheformeation of phenoxy soybean polyol. The
band at 2853cm is due to the presence of aliphatic
CH, group . Thedisappearance of band at 853cm™in-
dicates the absence of oxirane ring. The band at
1144cmt shows the -O-C-C stretching of the ester
group. Theband at 723cm'* indicatesthe rocking vi-
bration of CH, group. Theband at 1241cm* indicates
the asymmetric stretching of phenyl alkyl ether(C-O-
C). Theband at 1465cm™ indicatesthe aromatic car-
bon carbon double bond stretching.

Figure 2 showstheH NMR spectrum of phenoxy
soybean polyol. Thearomatic ring protonsin the phe-
noxy resin appear at 7.2ppm, the methine protonsin
theglyceryl part of themol ecul e appear at 5.3ppm, the
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Figure4: 'H-NM R spectrum of soybean epoxy resin
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Figure5: DSC curecurve of egpoxy and SEPG blends

TABEL 2: DSC curecharacterigticsof neat epoxy and SEPG
modified epoxy systems

Composition T; °C T,°C T;°C
100% EP 105 153 224
5% SEPG+95%EP 101 149 224
10%SEPG+90%EP 99 149 224
15%SEPG+85%EP 97 147 223
20%SEPG+80%EP 96 146 223
100% SEPG 85 120 190
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methyleneprotonsintheglyceryl part of themolecule
and the hydroxyl protons merge and appear at 4.15 -
4.25ppm, CH,, protons adjacent to carbonyl group were
found at 2.35 - 2.45ppml(™.

FHgure 3showsthe FT-IR spectrum of SEPG Asym-
metric stretching of aryl dkyl ether appearsat 1240cm'*
Symmetricaryl akyl ether sretching gppearsat 1074cm
! symmetric diphatic ether stretching appearsat 1169cm
1 Theband at 853cntindicatesthe presence of oxirane
ring .The band at 1739cm is due to the carbonyl
stretching vibration of ester.

Figure4 showstheH NM R spectrum of soybean
epoxy resinwith phenoxy and glycidyl ether. Thearo-
matic ring protons in the phenoxy resin appear at
7.2ppm, themethine protonsintheglyceryl part of the
molecule appear at 5.3ppm, the methyleneprotonsin
the glyceryl part of the molecule appear at 4.15-
4.25ppm, the methyleneprotons adjacent to carbonyl
group were found at 2.35-2.45ppm. The methylene
protons adjacent to the oxirane ring appear at 2.95-
3.05ppm, methylene protonsa phato carbonyl group
appear at 1.65ppm, OCH and OCH, protons appear
intheregion of 3.65-3.73ppm, saturated methylenic
protons appear at 1.15-1.48ppm and termina CH,
protons appear at 0.9ppm

Rheology studies

Complex viscosity of ESBO/MPDA and SEPG/
MPDA with respect totimewas studied us ngAR 2000
controlled stressrheometer inisotherma conditionat a
strain rate of 20% , frequency 1 Hz and temperature
120°C .For ESBO the complex viscosity 0.56 Pa.s
remained constant upto 267s. After 900 secondsthe
complex viscosity was 1.423 Pa.s. But in the case of
SEPG theinitial complex viscosity decreased from 400
Pas, to 194 Pa.s (50 s), then it increased at afaster
rate. After 900 secondsthe complex viscosity was 5200
Pas. Itindicatestha SEPG ismorereactivethan ESBO.

Thermal properties

The curing reaction of epoxy/ SEPG/ MPDA was
studied using differentia scanning calorimetry (DSC).
The dataobtained from DSC scans are furnished in
TABLE 2. The DSC thermograms of the blends are
showninfigure5.

All theepoxy/SEPG/MPDA blend sysemsshow a
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TABLE 3: TGA dataof epoxy and SEPG modified epoxy sys-
tems

Composition Tiovalue®C  Char yield (%)
100 % EP 350 20.36
5% SEPG+95%EP 350 17.95
10% SEPG+90%EP 349 16.86
15% SEPG+85%EP 348 14.85
20% SEPG+80%EP 347 13.58
100% SEPG 318 112

TABLE 4: Glasstransition temper aturesof neat epoxy and
SEPG modified epoxy-glassfibrecomposites

Composition Tan o
100 %EP 161
5% SEPG + 95%EP 165
10% SEPG + 90%EP 167
15% SEPG + 85%EP 164
20% SEPG + 80%EP 158

TABLE 5: Mechanical propertiesof neat epoxy and SEPG
modified epoxy - glassfibre composites

Tensile Tensile Flexural Flexural
Composition strength, modulus, strength, modulus,
MPa GPa MPa GPa

100%EP 299 34 379 7.8
5%SEPG+95%EP 302 34 382 7.9
10%SEPG+90%EP 310 35 395 8.0
15%SEPG+85%EP 304 34 386 7.9
20%SEPG + 80%EP 280 3.1 365 7.3

TABLE 6: Impact strength and G, . of epoxy and SEPG modi-
fied epoxy glassfibre composites

Impact strength(J /em) G (KI m™)

Composition (%)

100 %EP 34.2 0.6953
5% SEPG+95%EP 34.0 0.7051
10 % SEPG+90%EP 33.9 0.7150
15% SEPG+85%EP 34.8 0.7585
20% SEPG+80%EP 36.1 0.8423
g T
=
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; 40~
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Temperature(°C)
Figure6: TGA curvesof neat epoxy and SEPG modified
epoxy blends

singleexothermic peak. Fromthefigure, itisalso ob-
served that increasein percentage of SEPG decreases
the curing temperature of the blends. The decreasein
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curing temperature may be dueto thefact that SEPG
contains pendant epoxy groupswhich react faster than
commercia epoxide system.

Thethermal stability of the cured resinswas stud-
ied by thermogravimetricanalyss. Theresultsarepre-
sentedinTABLE 3.

Thethermogramsareshowninfigure6. Thether-
mogramsof the cured samplesrevedl that they al de-
gradein asingle step and start their decomposition at
around 325°C. The T, valueof theblendsisfoundto
bearound 350°C. Therma stability of theepoxy resin
decreaseswith increasein SEPG content. However,
compared to other epoxy toughening agentslikerub-
ber and polyurethane® 9 SEPG impartsbetter char yield
totheepoxy resin.

Dynamic mechanicd andyss(DMA) isapowerful
techniquefor measuring the glasstransition tempera-
ture particularly for polymerswith rigid backbones®.
The T, is determined from the temperature of peak
maximum of thelossmodulus curve. Thevaluesare
summarizedintheTABLE 4. Tan o isrdated to crosdink
density*13 impact resistance™® and toughness of the
material. Thetemperature dependence of thelossfac-
tor tan & for the epoxy/MPDA/SEPG compositevar-
iesbased on composition. Onincreas ng the percent-
age of SEPG in the commercia epoxy resin, the T,
valueincreases up to 10% SEPG, then with further in-
creasein SEPG it decreases, because up to 10% SEPG
thecuringreactionisfaster and thereforethe crosdinking
dengty and T, areincreased. Inthecaseof blendswith
15% and 20% SEPG the diphatic content increases,
so the segmental motion increases and hence the T,
value decreases™.

Mechanical properties

Thetenglestrength of theblendsincreasesas SEPG
content increases up to 10%. SEPG contains many
pentant epoxy groupsand itsepoxideequivaent ishigher
than that of the commercial resin. Also these epoxy
groupsreact faster than the commercia resin. Subse-
quently thecrosdinking denstiesof theblendsarehigher
and hence have higher modulusvaue. But with 15 and
20% SEPG content thediphatic chain characterismore
influencing than crosdinking density thereby decreasing
thetens|e properties. Tensilemodul uswas measured
fromthetenslestressstrain curve. Themodulusvaues
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follow the sametrend asthat of tensilestrength. Inthe
case of blend with 20% SEPG, strain valueishigher
compared to those of 0,5,10%, and 15%™9. Theflex-
urd strength and modulusva uesfollow thesametrend
asthat of thetensle strength and modulus. Theresults
aregivenintheTABLEG.

Theunnotched impact specimensweretestedin
Izod impact testing machineand theresultsarelistedin
TABLE 6. The blend with 20% SEPG has a higher
impact strength than the neat epoxy system. Thisin-
creaseisdueto theincorporation of SEPG containing
ether, ester linkagesand long diphatic chainsoriginaly
from the soybean oil which contributesto the tough-
ness of the composite. But up to 10% SEPG impact
valuesaredightly lower than that of thecommercial
epoxy resin dueto theincreased reactivity of the SEPG
thereby increasing the crossinking density of theblend
incomparisonthat of thecommercid resn. Asthe SEPG
content intheblend increasestheinterlaminar fracture
toughnessvaluea soincreases as expected.

CONCLUSIONS

A new multifunctional epoxy resin SEPG contain-
ing aliphatic moiety with phenoxy and glycidyl ether
groupswas synthesi zed and characterized by FT-IR,
NMR method. The prepared SEPG wasblended with
commercial epoxy resinat 5,10,15 and 20% loading
levels. Curing reaction of epoxy /SEPG/MPDA was
studied using DSC (dl theepoxy/ SEPG/MPDA cured
systems show asingleexothermic peak in thetempera-
turerange of 150+3°C) and rheometer. With increase
in SEPG percentagein the blend themechanical prop-
ertiesliketensile strength, tensile modulus, flexural
strength and flexurad modulusincreaseupto 10%. Im-
pact strength remains unaffected up to 10%.SEPG In-
corporation of 20% SEPG increasestheimpact strength
ggnificantly. Thermal stability of theresindecreaseswith
increasein SEPG percentage. Glasstrangtiontempera:
turemeasured by DMA,, isfound to be higher for the
blend with 10% SEPG Asthe SEPG content increases
interlaminar fracturetoughnessva ueincreases. From
theresults, it can be concluded that SEPG modified
epoxy compositesmay have the potential to provide
almost smilar performancein engineering and house
hold applicationsasthat of commercia epoxy resin at

concentrationsup to 20%.
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